Microorganisms, particularly bacteria, are becoming resistant to more and more antimicrobial agents. Bacteria found in hospitals appear to be especially resistant and are causing increasing difficulties to patients. Bacterial resistance is currently combated by the discovery of new drugs.
tent antimalarial activity against Plasmodium falciparum in vitro (12) . Several Baylis-Hillman adducts were evaluated for antimalarial activity against chloroquine resistant P. falciparum and compound 4 was found to be the most active one (13) . High selective leishmanicidal activity of 3-hydroxy-2-methylene-3-(4'-bromophenyl)-propanonitrile and analogous compounds has been reported as well (14) .
Amphenicols (2-amino-3-phenyl-propane-1,3-diol derivatives), a class of antibacterials including chloramphenicol and thiamphenicol, display a wide spectrum of antibacterial activity (15) . Therefore, 3-hydroxy-2-methylene-3-phenylpropionic acid derivatives, obtained by the Baylis-Hillman condensation, were evaluated for antimicrobial activity. Though many Baylis-Hillman adducts are known, there is no previous report describing the antimicrobial activity of these molecules. We report herein the antimicrobial activity of 3-hydroxy-2-methylene-3-phenylpropionic acid derivatives. EXPERIMENTAL FT-IR spectra were recorded on FT-IR spectrometer (Spectrum One, Perkin-Elmer, USA). 1 H NMR spectra were recorded on 60 and 400 MHz spectrometers (EM 360 L and Mercury Plus, respectively; Varian, USA) in CDCl 3 . Chemical shifts were measured as d units (ppm) relative to tetramethylsilane and coupling constants are expressed in Hertz. Microanalyses were performed in a Carlo Erba Model 1106 elemental analyzer. Silica gel (100-200 mesh) used for column chromatography was activated by heating at 120°C for 4 h. The purity of all compounds was established by a single spot on TLC plates (Merck, Germany). Iodine vapours or anisaldehyde-sulfuric acid reagent were used as the developing agent and the solvent system used for TLC analysis was ethyl acetate and n-hexane (2:8). Solvents were purified by standard procedures. All other chemicals used in the study were of analytical grade. (10, 13) . General procedure A mixture of aromatic aldehyde (0.6 mmol), activated alkene (2.4 mmol) and DABCO (0.06 mmol) was stirred at room temperature for the period mentioned in Table I . The reaction mixture was diluted with ether (20 mL), washed with 5 mL of 2 mol L -1 HCl and water. The organic layer was dried (anhydrous Na 2 SO 4 ). Solvent was evaporated and the residue was purified by column chromatography on silica gel. Corresponding Baylis-Hillman adducts 1-20 were obtained in varying yields (Table I) .
Synthesis of 3-hydroxy-2-methylene-3-phenylpropionic acid derivatives 1-20 through Baylis-Hillman reaction

Antimicrobial activity
Minimum inhibitory concentration (MIC). -Broth dilution method was used to determine the MIC of test compounds. Stock solutions of compounds 1-20 were prepared by dissolving 1 mg in 1 mL of DMSO and diluted to the desired concentration. Fresh cultures of bacteria (Staphylococcus aureus, ATCC 9144; Corynebacterium diphtheriae, ATCC 27010; Klebsiella pneumoniae, ATCC 10031; Escherichia coli, ATCC 10536) and fungi (Aspergillus niger, ATCC 16404 and Candida albicans, ATCC 10231) were prepared. The antibacterial activity of each test compound was examined as follows: in the test tube containing Müller-Hinton broth (Merck, Germany), a bacterial concentration of 5 × 10 5 colony forming units mL -1 was tested with 5-30 µg mL -1 (serial dilution) of test compounds. Moreover, a tube of the Müller-Hinton broth containing the same bacterial concentration, but without test compound, was used as growth control and another tube of uninoculated Müller-Hinton broth containing the same concentration of test compound was used as negative growth. Also, a tube of Müller-Hinton broth containing the same bacterial concentration and DMSO, without test compound, was prepared as control to rule out antibacterial effect of DMSO. Test tubes and three mentioned control tubes were incubated at 37°C for 24 h. After incubation, antibacterial activity of the test compound in the test tube was detected by lack of turbidity (matching the negative growth control), which indicated inhibition of bacterial growth. The turbidity was measured at 530 nm. In the present work, various substituted benzaldehydes were condensed with activated vinyl derivatives in the presence of a catalytic amount of DABCO according to literature procedures (10, 13) (Scheme 1). Various activated vinyl derivatives included ethyl and methyl acrylates, acrylonitrile and ethyl-vinyl-ketone (Scheme 1). The reaction was carried out at room temperature without solvent. The reaction time ranged from 2 to 4 days and 3-hydroxy-2-methylene-3-phenyl-propionic acid derivatives 1-20 were obtained in moderate to good yields (48-72 %, Table I ).
The Baylis-Hillman adducts were characterized using IR, 1 H NMR spectra and micro analyses. IR spectra of compounds showed peaks at~3450 and 1620 cm -1 (hydroxy and vinyl group, respectively). In the 1 H NMR, vinyl protons and allylic proton singlets appeared at d 5.9-6.2 and~5.3 ppm, respectively. In addition, 1 H NMR of all molecules displayed characteristic peaks due to aromatic protons. Microanalyses of synthesized compounds were in agreement with their molecular formula with ± 0.3 % (Table II) .
Antibacterial activity and structure activity relationship
Antibacterial activity of the Baylis-Hillman adducts, namely 3-hydroxy-2-methylene-3-phenylpropionic acid derivatives 1-20, was evaluated by the agar serial dilution method (16) against the bacteria and fungi mentioned above. Minimum inhibitory concentrations (MIC, µg mL -1 ) of compounds for antibacterial and antifungal activities are given in Table III. Many of the test compounds displayed good antimicrobial activity; compounds 3-8 and 11-19, showed slighty higher to comparable antimicrobial activity to standard drugs. 15 (2,4-dichloro) , 18 and 19 (3-nitro-) with MIC 10-11 µg mL -1 showed good antifungal activity compared to nystatin (MIC 15 µg mL -1 ). The adducts with 2-methoxy-substituent (9 and 10) did not display any antibacterial activity but showed antifungal activity with MIC 12 µg mL -1 against A. niger and C. albicans, respectively.
The compounds with 4-fluoro-substituent (11 and 12) and with 4-chloro-substituent (7 and 8) displayed similar antibacterial and antifungal activities, whereas adducts 1 and 2, without any substituent in the phenyl ring, were devoid of antimicrobial activity.
CONCLUSIONS
Many among differently substituted 3-hydroxy-2-methylene-3-phenylpropionic acid derivatives displayed good antimicrobial activity. Particularly, the 3-hydroxy-2-methylene-3-phenylpropionic acid derivatives with 2-, 3-or 4-nitro-(3-6, 17-19), 2-chloro-(13, 14), 4-chloro (7, 8, 20), 4-fluoro-(11, 12) and 2,4-dichloro-(15, 16) substituents in the phenyl ring helped in potent antibacterial and/or antifugal activities. The derivatives with 2-methoxy substituent (9, 10) in the phenyl ring displayed only antifugal activity. The ease of synthesis from low cost starting materials along with potent antimicrobial activity of these molecules provide the lead for further improvement of activity and reflect the possibility of therapeutic use.
